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Edgeworth( ) , ,
. ,
, Edgeworth
(Barndorff-Nielsen and Cox [BC89]). - , Bahadur ,
. , (Daniels [D871,
Jensen [J951). , ( )
, , Edgeworth ,
(Akahira, Takahashi and Takeuchi [ATT99], [TA98]). ,
, .
, , Edgeworth , [ATT99]
2 , 2 , . ,
, , .
2.
[ATT99] , . , $X_{1},$ , . .
$,$
$X_{n},$ $\cdots$
, $j=1,2,$ $\cdots$ $X_{j}$
$p_{j}(x)=P\{X_{j}=x\}$ $(x=0, \pm 1, \pm 2, \cdots)$
. $S_{n}:= \sum_{j}^{n}=1xj$
$p_{n}^{*}(y):=P\{S_{n}=y\}$ $(y=0, \pm 1, \pm 2, \cdots)$
. , $j$ , $X_{j}$ $M_{j}(\theta):=E[e^{\theta X_{j}}](\theta\in\ominus)$ . , $\ominus$
. , $j$ ,
$p_{j,\theta}(X):=P_{\theta}\{X_{j}=x\}=p_{j}(x)eM\theta x(\theta)^{-}1j$ $(x=0, \pm 1, \pm 2, \cdots)$
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: $=\{p_{j,\theta}(X) : \theta\in\Theta\}$ . , $p_{j},0(x)=p_{j}(x)$ . , $S_{n}$
$p_{n,\theta}^{*}(y):=P_{\theta}\{S_{n}=y\}$ $(y=0, \pm 1, \pm 2, \cdots)$
. $p_{n,0}^{*}(y)=p_{n}^{*}(y)$ .
$p_{n,\theta}^{*}(y)=p_{n}^{*}(y)e^{\theta} \prod_{1}^{n}yj=Mj(\theta)^{-1}$ (2.1)
. , $j$ , , $X_{j}$
$E_{\theta}[e^{itX}j]= \sum_{x}e^{itx}p_{j},\theta(x)=M_{j}(\theta)-1M_{j}(\theta+it)$









. , $K_{n}( \theta):=\sum_{j1}^{n}=\mathrm{g}M_{j}\mathrm{l}\mathrm{o}(\theta)$
$p_{n}^{*}(y)=e^{K(\theta)\theta y}-$ .$\frac{1}{2\pi}n\int_{-\pi}^{\pi}e^{K_{n}}(\theta+it)-K_{n}(\theta)$ -itydt (2.3)
. , Taylor , $\mathrm{A}\mathrm{a}|t|$
$K_{n}( \theta+it)-Kn(\theta)=K_{n}^{(1)}(\theta)it+\frac{1}{2}K_{n}^{(2)}(\theta)(it)^{2}+\frac{1}{6}K_{n}^{(3)}(\theta)(it)^{3}+\frac{1}{24}K_{n}^{(4)}(\theta)(it)^{4}+\cdots$ $(2.4)$
. , $\alpha=1,2,$ $\cdots$
$K_{n}^{(\alpha)}(\theta)=(d^{\alpha}/d\theta^{\alpha})K_{n}(\theta)$
. , $S_{n}=y(y=0, \pm 1, \pm 2, \cdots)$ , $K_{n}^{(1)}(\hat{\theta}_{0})=y$ $\theta$
$\hat{\theta}_{0:=}\hat{\theta}_{0}(s_{n})$ . , $K_{n}^{(\alpha)}(\hat{\theta}_{0})=O(n)(\alpha=2,3, \cdots)$ .
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1 $([\mathrm{A}\mathrm{T}\mathrm{T}99])$ . $S_{n}$ $p_{n}^{*}(y)$ .
$p_{n}^{*}(y)= \frac{1}{\sqrt{2\pi K_{n}^{(2}()\hat{\theta}_{0})}}e^{K_{n}()\mathrm{o}y}\hat{\theta}0-\hat{\theta}[1+\frac{K_{n}^{(4)}(\hat{\theta}_{0})}{8\{K_{n}^{(2)}(\hat{\theta}0)\}^{2}}-\frac{5\{K_{n}^{(3)}(\hat{\theta}0)\}^{2}}{24\{K_{n}((2)\hat{\theta}0)\}^{3}}+O(\frac{1}{n^{2}})]$ .
$j=1,2,$ $\cdots$ , $Pj,\theta(\cdot)$ $Pj(\cdot)$ Kullback-Leibler
$I_{j}( \theta, 0):=\sum_{x}p_{j},\theta(x)\log\frac{p_{j,\theta}(x)}{p_{j}(_{X)}}$
. , $p_{n,\theta}^{*}(\cdot)$ $p_{n}^{*}(\cdot)$ Kullback-Leibler
$I_{n}^{*}( \theta, 0)=\sum_{j=1}^{n}I_{j}(\theta, \mathrm{o})=\theta K_{n}^{(1)}(\theta)-K_{n}(\theta)$
. , 1 .
1. $S_{n}$ $p_{n}^{*}(y)$ .
$p_{n}^{*}(y)= \frac{1}{\sqrt{2\pi K_{n}^{(2}()\hat{\theta}0)}}e^{-I_{n}^{*}(0)}\hat{\theta}_{0},[1+\frac{K_{n}^{(4)}(\hat{\theta}_{0})}{8\{K_{n}^{(2)}(\hat{\theta}0)\}^{2}}-\frac{5\{K_{n}^{(3)}(\hat{\theta}0)\}^{2}}{24\{K_{n}^{(}(2)\hat{\theta}0)\}^{3}}+O(\frac{1}{n^{2}})]$ .
3.





. , $y>E(S_{n})$ $y$ , $S_{n}$
$P \{S_{n}\geq y\}=\sum_{z=0}p_{n}(*)y+Z$
1 $-K_{n}.(\hat{\theta}\cap 1-\hat{\theta}\mathrm{n}v\kappa^{\infty}----\hat{\theta}\cap z\mathrm{r}_{1}$ $z^{2}$ $K_{n}^{(3)}(\hat{\theta}0)_{Z}$




$2([\mathrm{A}\mathrm{T}\mathrm{T}99])$ . $S_{n}$ , .
$P \{S_{n}\geq y\}=\frac{1}{\sqrt{2\pi K_{n}^{(2}()\hat{\theta}_{0})}}e-\hat{\theta}0y\sum_{\chi}K_{n}(\hat{\theta}0)e^{-\hat{\theta}_{0}}\infty=0z$
$+ \frac{K_{n}^{(4)}(\hat{\theta}_{0})}{8\{K_{n}^{()}(\hat{\theta}0)\}^{2}2}-\frac{5\{K_{n}^{(3)}(\hat{\theta}_{0})\}^{2}}{24\{K_{n}^{(}(2)\hat{\theta}0)\}^{3}}+O(\frac{1}{n^{2}})]$ , $y>E(S_{n})$ .
2 .
, .
$K_{n}^{(1)}(\hat{\theta}0)=y$ , $K_{n}^{(1)}(\hat{\theta}_{k})=y+k$ , (3.1)
$\theta$







































, $P \{S_{n}\geq y\}=\sum^{\infty}k=0p^{*}n(y+k)$ , $S_{n}$ .
3. $S_{n}$ , .
$P \{S_{n}\geq y\}=p_{n}(*y)\sum_{k=0}^{\infty}\exp\{-k\hat{\theta}_{0}-\frac{k^{2}}{2K_{n}^{(2)}(\hat{\theta}_{0})}-\frac{K_{n}^{(3)}(\hat{\theta}_{0})k}{2\{K_{n}((2)\hat{\theta}0)\}^{2}}+o(\frac{1}{n^{2}})\}$, $y>E(S_{n})$





2. $S_{n}$ , .
$P \{S_{n}\leq y\}=p_{n}^{*}(y)\sum_{k=0}^{\infty}\exp\{k\hat{\theta}_{0}-\frac{k^{2}}{2K_{n}^{(2)}(\hat{\theta}0)}+\frac{K_{n}^{(3)}(\hat{\theta}0)k}{2\{K_{n}^{(2)}(\hat{\theta}0)\}^{2}}+O(\frac{1}{n^{2}})\}$ , $y<E(S_{n})$
, $p_{n}^{*}(y)$ 1 .
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4.
, 2 , 2 , ,
, Edgeworth , ,
. , 1
$p_{n}^{*}(y)= \frac{1}{\sqrt{2\pi K_{n}^{(2}()\hat{\theta}_{0})}}e^{K_{n}(\hat{\theta})\hat{\theta}_{0}}-y(01+o(1))$




$X_{1},$ $X_{2},$ $\cdots,$ $X_{n},$
$\cdots$ , $j$ $X_{j}$
$f_{B}(x):=P\{x_{j}=x\}=p_{j}^{x1-x}q_{j}$ , $(x=0,1)$
2 $B(1,p_{j})$ . , $0<Pj<1,$ $q_{j}=1-Pj(j=1,2, \cdots)$
. , $y=0,1,$ $\cdots,$ $n$
$K_{n}^{(1)}( \theta)=\sum_{j=1}^{n}\frac{p_{j}e^{\theta}}{p_{j}e^{\theta}+qj}=y$
$\theta$ $\hat{\theta}_{0}=\hat{\theta}_{0}(y)$ . $\hat{\tau}:=e^{\hat{\theta}_{0}}$ , $j$ $\hat{P}j:=p_{j}\hat{\tau}/(Pj^{\hat{\mathcal{T}}}+q_{j})$ ,
$\hat{q}_{j}:=1-_{\hat{P}j}$
$K_{n}^{(2)}( \hat{\theta}_{0})=\sum_{j=1}^{n}\hat{p}j\hat{q}j$ , $K_{n}^{(3)}( \hat{\theta}_{0})=\sum_{j=1}^{n}\hat{p}j\hat{q}j(\hat{q}_{j\hat{p}}-j)$ , $K_{n}^{(4)}( \hat{\theta}_{0})=\sum_{j=1}^{n}\hat{p}_{j}\hat{q}j(1-6\hat{p}_{j}\hat{q}_{j})$ (4.1)














. $y:=(t-\mu_{n})/\sqrt{v_{n}},$ $\phi(y)=(1/\sqrt{2\pi})e^{-y^{2}/2}$ . $\{\cdots\}$ 1
, Edgeworth .
$LD_{1},$ $LD_{2}$ , Edgeworth
([ATT99], [TA98] ).
, $j$ $Pj=p$ , $X_{j}$ $B(1,p)$
, 1
$p_{n}^{*}(y)= \frac{p^{y}q^{n-y}}{\sqrt{2\pi}}\cdot\frac{n^{n+(1/2})}{y^{y+(1/2)}(n-y)n-y+(1/2)}[1-\frac{1}{12n}\{\frac{1}{\mathrm{A}(n1-\#)n}-1\}+O(\frac{1}{n^{2}})]$
. $-$ , $S_{n}$ 2 $B(n,p)$
$p_{n}^{*}(y)=p^{y}q^{n-y}$
. , $P$ $([\mathrm{J}95])$ .
, (4.1) , 2, 3 2 ( 411
\sim 4.1.11 ). , $\mathrm{J}\mathrm{e}\mathrm{n}\mathrm{s}\mathrm{e}\mathrm{n}[\mathrm{J}951$
. , 3, 2 .
53
4.12: $B(1,p_{j})(\{pj\}_{j=1}^{10}=0.05(0.05)0.50)$ $S_{n}$ $P\{S_{n}\geq y\}$ ,
Edgeworth . LD( 2). $LD$ ( 3)
4.13: $B(1,p_{j})(\{p_{j}\}_{j^{9}1}^{1}==0.03(\mathrm{o}.03)0.60)$ $S_{n}$ $P\{S_{n}\geq y\}$ ,
Edgeworth . $T_{\lrcorner}D$ ( $\mathit{2}$ ) $-\Gamma_{J}D$ ( $.\mathrm{q}$ )
4.14: $B(10,0.5)$ $S_{n}$ $P\{S_{n}\geq y\}$ , Edgeworth ,
$T$,D( 21 LD( 3)
54
4.15: $B(20,0.5)$ $S_{n}$ $P\{S_{n}\geq y\}$ , Edgeworth ,
LD( 2), LD( 3)
417: $B(n,p_{j}),$ $pj=p=0.15(j=1, \ldots, n)$ $S_{n}$ $P\{S_{n}\geq y\}$ , Jensen




418: $B(1,p_{j})(\{Pj\}_{j=1}^{1}9=0.05(0.05)\mathrm{o}.95)$ $S_{n}$ $P\{S_{n}\leq y\}$ ,
Edgeworth , LD( 2)
419: $B(1,p_{j})(\{p_{j}\}_{j^{0}1}^{2}==0.03(\mathrm{o}.03)0.60)$ $S_{n}$ $P\{S_{n}\leq y\}$ ,
Edgeworth , LD( 2)
4110: $B(10,0.5)$ $S_{n}$ $P\{S_{n}\leq y\}$ , Edgeworth ,
LD( 2)
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$\cdots$ , $j=1,2,$ $\cdots$ , $X_{j}$
$f_{X_{j}}(_{X)}=P\{X_{j}=x\}=p_{j}qr_{jx,j}$
$NB(r_{j},p_{j})$ - . $0<p_{j}<1$ , $q_{j}=1-$
$p_{j}(j=1,2, \cdots)$ . $s_{n}= \sum_{j1}^{n}=x_{j}$ , , Edgeworth
.
$j=1,2,$ $\cdots$ , $|\theta|$ $X_{j}$
$M_{j}(\theta)=E(e^{\theta X_{j}})=p_{j}^{r_{j}}(1-q_{j}e)\theta-rj$
.
























, (4.2) 2, 3 2
. , Edgeworth , 3
( 42.1\sim 424 ). $( \sum_{0}^{10}0)$
. , .
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4.2.1: $NB(1,p_{j})(p_{1}=\cdot\cdot=p_{5}arrow\cdot \mathrm{o}.9=,$ $p_{6}=\cdots=p_{1}0=0.8,$ $p11=\ldots=p15=0.7$ ,




$P16=\ldots=p_{20=}\mathrm{o}.6)$ $S_{n}$ $P\{S_{n}\geq y\}$ , Edgeworth ,
LD( 3)
60
4.2.3: $NB(1,p_{j})(p_{1}=\cdots=p_{5}=0.8,$ $p_{6}=\cdots=p10=0.6,$ $p11=\cdots=p_{15}=0.4$ ,
$p_{16}=\cdots=p_{2}0=0.2)$ $S_{n}$ $P\{S_{n}\geq y\}$ ,
61





$\cdots$ , $j=1,2,$ $\cdots$ , $X_{j}$
$f_{X_{j}}(_{X)}=P \{X_{j}=x\}=\frac{e^{-1}}{x!}$
$Po(1)$ . $j(j=1,2, \cdots)$ $X_{j}$
$M_{j}(\theta)=\exp\{(e^{\theta}-1)\}$
$K_{n}( \theta)=\sum_{j=1}^{n}(e^{\theta}-1)=n(e^{\theta}-1)$
. $s_{n}= \sum_{j1}^{n}=x_{j}$ $Po(n)$ . $K_{n}^{(i)}(i=1,2,3,4)$ ,
, . , $\mu_{n}=v_{n}=\kappa_{3,n}=$
$\kappa_{4,n}=n$ , Edgweorth ( 431 ). ,
.
63




$X_{1},$ $\cdots,$ $X_{n},$ $\cdots$ , $j=1,2,$ $\cdots$ , $X_{j}$
$f_{X_{\mathrm{j}}}(x)=P \{x_{j}--X\}=\frac{a_{j}p_{j}^{x}}{x}$
. $0<Pj<1,$ $q_{j}=1-p_{j},$ $a_{j}=-1/\log q_{j}$
. $j=1,2,$ $\cdots$ , $X_{j}$
$M_{j}(\theta)=-a_{j}\log(1-p_{j}e)\theta$
, $K_{n}( \theta)=\sum_{j=1}^{n}\log M_{j}(\theta)$ $K_{n}^{(i)}(\theta)(i=1,2,3,4)$ ,
.





, Edgeworth . $P=0.4,$ $n=10,25$
& , 3 ( 44.1\sim 444 ).
, .
65
44.1: $S_{n}$ $P\{S_{n}=y\}$ , Edgeworth ,
$LD_{1},$ $LD_{2}$ $(p=0.4, n=10)$
66
442: $S_{n}$ $P\{S_{n}=y\}$ , Edgeworth ,
$LD_{1},$ $LD_{2}$ $(p=0.4,$ $n=25\mathrm{I}$
67
443: $S_{n}$ $P\{S_{n}\geq y\}$ , Edgeworth ,
LD( 3) $(p=0.4, n=10)$
444: $S_{n}$ $P,\{S_{n}\geq y\}$ , Edgeworth ,
LD( 3) $(p=0.4, n=25)$
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45. 2 2
$X_{1},$ $X_{2}$ $X_{1}$ 2 $B(n,p_{1}),$ $x_{2}$ 2 $NB(m,p_{2})$
. $Y:=X_{1}+X_{2}$ , $m=n=10,$ $p_{1}=p_{2}=0.3$ , $m=n=10$ ,
$p_{1}=0.6,$ $p2=0.3$ , ( 451\sim 454
).
45.1: $B(10,0.3)$ $NB(10, \mathrm{o}.3)$ $Y$ $P\{Y=y\}$ ,
Edgeworth , $LD_{1},$ $LD_{2}$
69
4.5.1( )
4.5.2: $B(10,0.6)$ $NB(10, \mathrm{o}.3)$ $\mathrm{Y}$ $P\{Y=y\}$ ,




453: $B(10,0.3)$ $NB(10, \mathrm{o}.3)$ $Y$ $P\{Y\geq y\}$ ,
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454: $B(10,0.6)$ $NB(10, \mathrm{o}.3)$ $Y$ $P\{Y\geq y\}$ ,
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5.
3 . , $X_{1},$ $\cdots,$ $X_{n}$
2 $B(1,p)$ . , $T:= \sum_{i=1}^{n}X_{i}$ , $T$ 2






. , $u$ $0<u<1$ $E_{p_{0}}[\emptyset(\tau)]=\alpha$ . , $T$




. , $\overline{y}(p_{0}):=t-u+1$ , 3
, $P_{p_{1}}$ $[T\geq\overline{y}(p\mathrm{o})]$ ( 51 ).
5.1: $(\alpha=\mathrm{n}_{-}\mathrm{n}.5)$
6.
$X$ , $Y$ , $X$ $Y$ , $X,$ $\mathrm{Y}$
$Po(m\lambda),$ $Po(n\lambda)$ . , $m,$ $n$ , $\lambda$
. , $X$ $Y$ $([\mathrm{H}\mathrm{A}99])$ . , $T:=X+\mathrm{Y}$
$\lambda$ , $T$ $Po((m+n)\lambda)$ . , $T=t$
$Y$ 2 $B(t, n/(m+n))$ , $\lambda$ .
, $T$ $Y$ $\lambda$
. , $\alpha(0<\alpha<1)$ 2 $B(t, n/(m+n))$ 100(\alpha /2)%
$y\alpha/2(t)$ ,
$P\{t-y\alpha/2(t)\leq Y\leq y_{\alpha/2}(t)|\tau=t\}=1-\alpha$ (6.1)
74
$\mathrm{Y}$
1: $m=n=25$ $Y$ $(\alpha=0.05, \alpha=0.1)$
$P\{a(X)\leq Y\leq b(X)\}=1-\alpha$
, $[a(X), b(X)]$ $Y$ $1-\alpha$ . , $m,$ $n$ $t=x+y$
2 $B(t, n/(m+n))$ 100(\alpha /2)% $y_{\alpha/2}(t)$ , 3
, (6.1) $Y$ ( 1 ).
, 3
, 2 , Cornish-Fisher
( 61\sim 63 ).
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6.2: $B(1,p_{j})(\{p_{j}\}_{j=}^{2}1=00.\mathrm{o}(\mathrm{o}.03)0.60)$ $S_{n}$ ,
Cornish-Fisher , $LD$
6.3: $B(20,0.5)$ $S_{n}$ , Cornish-Fisher ,
$LD$
76
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